Quantum gravity has been so elusive because we have tried to approach it by two paths which can never meet: standard quantum field theory and general relativity. These contradict each other, not only in superdense regimes, but also in the vacuum, where the divergent zero-point energy would roll up space to a point. The solution is to build in a regular, but topologically nontrivial distribution of vacuum spinor fields right from the start. This opens up a straight road to quantum gravity, which we map out here.
but also gives a value for the gravitational constant, κ (T ), that couples them. κ turns out to depend on the dilation factor T = y 0 , which enters kinematically as "imaginary time": the logradius of our expanding Friedmann 3-brane.
On the microscopic scale, quantum gravity appears as the statistical mechanics of the null zig-zag rays of spinor fields in imaginary time T . Our unified field/particle action Lg also contains new couplings of gravitomagnetic fields to strong fields and weak potentials. These predict new physical phenomena: Axial jets of nuclear decay products emitted with left helicity along the axis of a massive, spinning body.
Overview: Vacuum Energy and Inertial Mass
Quantum Field Theory (QFT) is incompatible with General Relativity (GR), not only at small scales or high densities, but in the vacuum! The problem is that the divergent QFT vacuum energy would produce enough spacetime curvature to roll up our space to a point. The solution is a fundamental theory from which both QFT and GR derive, in different regimes. We show here how quantum gravity emerges naturally from such a theory: the Nonlinear Multispinor (NM) model [?] , [?] .
In this model, the particles emerge [?] , [?] through dynamical symmetry breaking of a topologically nontrivial "vacuum" solution. Their interactions are mediated by the phase perturbations they leave in the residual vacuum around them.
We may summarize the role of the vacuum spinors in producing inertial and gravitational mass [?] like this:
Nonlinear interaction of opposite-chirality components through the vacuum spinor fields creates the inertial mass of a bispinor particle. It also produces the gravitational interaction between particles.
Inertial mass from global interaction-and its corollary, gravitation, are results we derive from the NM model. We thus supply a mechanism that embodies Mach's principle (inertia from interaction with the "distant masses"), and Einstein's principle (inertial mass equals gravitational mass). Let us start with the "big picture", and then zoom in to the microscopic level.
The new "precision cosmology" [?] has suddenly given us a clear view of the universe in which we live. We live on a 3-brane (hypersurface) S 3 (a) whose (local) radius a (x) is expanding with intrinsic clocktime: Minkowsky time, t ≡ x 0 ; the arclength travelled by a photon, projected to S 3 (a # ) [?] . We take S 3 to be a closed hypersurface-a deformed, nonuniformly expanding 3-sphere.
If we could rise above our expanding spatial hypersurface S 3 and look down on it from the direction T = y 0 of cosmic expansion, we would see a patchwork quilt of matter concentrations connected by the fabric we call "space". It is becoming clear that space is not empty. It is filled with "dark energy", which includes the quantum mechanical vacuum energy and comprises over 70% of the energy in the universe [?] . On the macroscopic scale, this is what produces the cosmological constant term that brings the average energy (almost exactly) to the critical value needed to just close the universe.
Of what is this vacuum energy made? Before we get a microscopic view of the vacuum, let us first zoom in on some of the matter concentrations that it separates-starting with a single electron. The worldtube, B 4 , of an electron (or any massive particle at rest) runs in the cosmic time direction, T , orthogonal to the 3 spatial directions that span our spatial 3-brane, S 3 (T ).
The chiral components ξ − and η − of e − are spinors: lightlike waves of internal u (1) ⊕ su (2) phase with definite helicity (spin in the direction of propagation). Since ξ − and η − have opposite helicities but the same spins, they must be counterpropagating-radially outward and inward for an electron at rest. Since the rest frame of a massive particle drifts slowly outward with cosmic expansion, there must be almost as many inward ("backward" in T ) as outward ("forward") lightlike ray segments within its worldtube [?] .
At the worldtube boundary ∂B 4 , zigs are scattered into zags and vice versa by nonlinear interactions with the vacuum spinors [?] . It is these mass scatterings [?] that keep the lightlike spinors of a massive bispinor particle confined to a timelike worldtube. Energy-momentum, angular momentum, and all internal quantum numbers are conserved at each mass scattering, where 4 Lie-algebra phases of incoming and outgoing spinors combine to give a scalar contribution to the action.
Mass scatterings, or Spin c -4 resonances, are the multispinor analog of the Bragg resonances (4-wave mixing) [?] which produce the self-trapping that leads to soliton formation in nonlinear optics. The same nonlinearity gives the soliton interactions. These are most easily calculated for conservative fields by integrating the Lagrangian density by parts over the boundary of the worldtube of an accelerated particle. Matching the inner form of the boundary integral in the localized soliton fields to the outer form in the vacuum fields, as perturbed by source distributions, gives the curvature of the particle's worldtube [?] .
We derive Einstein's field equations here by integrating a topological Lagrangian by parts. The crucial step is to recognize that Einstein curvature G and energy-momentum * T are different expressions for the same flux, the spinfluid current 3 form. Inside the worldtube, B 4 , of a particle, this takes the form of the stress-energy-momentum tensor [?], * T . This is Noether current under displacement of the boundary ∂B 4 of the worldtube. In the outer region, the spinfluid current takes the form of the Einstein curvature [?] , G. By matching the inner and outer forms on the moving boundary ∂B 4 (t), we obtain Einstein's field equations.
We obtain the quantum mechanical form of this boundary integral by focusing on a patch of boundary at a microscopic scale, where the matter current is resolved into a sum over null zig-zags [?]; mass-scatterings with the vacuum fields, as perturbed by source distributions. Analyticity conditions convert the statistical mechanics of mass scatterings in imaginary time or logradius T ≡ y 0 to a quantum theory of the mutual attraction of matter currents: quantum gravity. 
Spinfluid Flow: The Dilation-Boost Current
the base space for the bundle of vacuum ⊕ matter spinors. In the spinfluid regime, the dilation-boost flow y α (x) is a function of Minkowsky-space position A good way to describe a physical state is by the active local (E A ) transformation, which creates this state from the vacuum. Suppose that each spinor field may be created from the vacuum distribution ψ ± by (a path-dependent) active-local Einstein (E A ) transformation [?] , [?] . These act on the basis spinors to create the moving spin frames g I (x) written as gl (2, C) matrices. Each spinor ψ ± I and cospinor ψ I ∓ is expressed as a linear combination of the two ("spin-up" and "spin-down") basis spinors in its moving spin frame, with coefficients given by the column or row spin vectors ψ
(1)
is the Lie algebra dual to σ α under the Clifford product
for Minkowsky space. The ± signs indicate the charge (u (1) phase shift) of the field. (We shall sometimes drop the charge scripts below.) Spinors and cospinors must be varied independently in the Lagrangian, which must contain both to be a scalar under E P .
In the geometrical-optics (g.o.) regime, each spinor has a complex, nonsingular (but perhaps path-dependent) phase (2) with (perhaps inexact) gl (2, C) phase differential dζ α I (x). In g.o. solutions, the cospinor turns out to be [?] the P T C-reversed version of the spinor, with the opposite gl (2, C) phase shift.
When you differentiate a spinor, you must also differentiate its moving spin frame:
The spin connections (vector potentials)
thus enter as gl (2, C)-valued 1 forms into the covariant derivatives of each spinor field:
The Ω I (x) record the (perhaps path-dependent) phase shift of each moving spin frame g I (x), in any direction at point x ∈ M due to local sources-and of the global (vacuum) distribution. The simplest way to guaranty covariance of the wave equations for spinor, or spin-tensor fields is to write the spacetime position vector q (x) from the origin, x = 0, to the spacetime position point q, as the position quaternion
The point has an embedded radius
For the stationery, homogeneous vacuum M # ≡ S 1 × S 3 (a # ), the leftinvariant spin connections are the left-invariant Maurer-Cartan 1 forms that derive from right action on q (x) by the four canonical maps of M # onto U (1) × SU (2) (and vice versa):
where
). On our Friedmann vacuum M, with time-dependent scale factor y 0 (t) a # = γ (t), the left-invariant spin connections are
The right-invariant spin connections are
Effective spin connections (3) are formed by differentials of each spinor field, when multiplied by its P T C conjugate spinor: 
of the spin connections are the spin curvatures, or fields. The dilation/boost flow acts on the position quaternion, (2) to produce the vacuum energy-momentum distribution
This assigns a position/momentum quaternion (iq + p) (x) in the phase space T * M # to each regular point x ∈ M # on the base space. The complex structure on the complex quaternionic phase space CM # gives rise to the symplectic structure of particle orbits on T * M # [?]. The dilation parameter
